Progress in developing high performance solar blankets and arrays by Scott-Monck, J.
PKOGKESS IN DEVELOPING HIGH PERFORMANCE SOLAR BLANKETS A N D  AK&AYS* 
John Scott-Monck 
Jet Propulsion Labo ta to ry  
Cal i forn ia  Ins t i tu te  of Technology 
Pasadena,  Cal i forn ia  
INTRODUCTION 
The development of h igh  e f f i c i e n c y  (> 13% AMO), u l t r a t h i n  (50 pm)  s i l i c o n  
s o l a r  c e l l s  o f f e r s  both oppor tun i ty  and chal lenge.  It i s  p o s s i b l e  t o  cons ider  400 
W/kg b lanket  des igns  by using t h i s  c e l l  i n  conjunct ion  wi th  f l e x i b l e  s u b s t r a t e s ,  
u l t r a t h i n  covers  and welded in te rconnec ts .  By des igning  array s t r u c t u r e  which i s  
mechanically and dynamically compatible wi th  very  low mass b lanke t s ,  s o l a r  a r r a y s  
wi th  a s p e c i f i c  power approaching 200 W/kg are achievable .  
i n  blanket  performance (h igher  power and lower mass p e r  u n i t  area),  which could 
come from t h e  implementation of  h igher  e f f i c i e n c y  c e l l s  ope ra t ing  a t  lower tempera- 
t u r e s  ( s i l i c o n  o r  G a A s ) ,  and the  u s e  of encapsulan ts ,  would r e s u l t  i n  t h e  develop- 
ment of 300 W/kg s o l a r  a r r ays .  
Fu r the r  improvements 
There i s  a t r end  toward h igher  power. 
There i s  a t r e d  toward h igher  power and longer  ope ra t ing  l i f e  in n e a r l y  every 
f u t u r e  mission being planned, whether f o r  NASA, defense  o r  commercial app l i ca t ion .  
It i s  a l s o  becoming apparent  t h a t  t h e  S h u t t l e  launch c a p a b i l i t y  w i l l  not grow as 
r a p i d l y  as had been o r g i n a l l y  a n t i c i p a t e d .  Thus t h e r e  is  a need f o r  t h e  development 
of low mass s o l a r  arrays. 
APPROACH 
Figure 1 i s  a p l o t  of beginning of l i f e  (BOL) a r r a y  s p e c i f i c  power as a func t ion  
o f  a r r a y  s t r u c t u r e  mass p e r  u n i t  area. It i s  p o s s i b l e  t o  develop an optimum s t r a t e g y  
f o r  providing a high performance a r r a y  by ana lyz ing  t h e  r e l a t i o n s h i p  between a r r a y  
performance and t h e  f i g u r e s  of merit f o r  t h e  b lanket  and s t r u c t u r e  components. It 
i s  apparent  t h a t  i nc reas ing  t h e  s p e c i f i c  power of t h e  a r r a y  blanket  w i l l  provide 
much g r e a t e r  i n i t i a l  improvements i n  a r r a y  s p e c i f i c  power. 
However as t h e  b lanket  s p e c i f i c  power i n c r e a s e s  (lower mass per  u n i t  area) 
f o r  a f ixed  s t r u c t u r e  mass, t h e  dynamics of t h e  a r r a y  begin t o  change. Thus it 
becomes necessary  t o  modify t h e  s t r u c t u r e  t o  br ing  t h e  a r r a y  i n t o  conformance with 
such requirements  as s t i f f n e s s  and n a t u r a l  frequency. Even excluding a r r a y  dynamics 
from cons ide ra t ion ,  lowering t h e  s t r u c t u r e  mass becomes an a t t r a c t i v e  and even 
necessary op t ion  i f  a r r a y  s p e c i f i c  power i s  t o  exceed 150 W/kg BOL. Therefore  
once a r e l a t i v e l y  high performance b lanket  (> 250 W/kg) i s  achieved,  e f f o r t s  t o  
develop a low mass s t r u c t u r e  become t h e  more e f f e c t i v e  method of i nc reas ing  t h e  
a r r a y ' s  s p e c i f i c  power. 
* The resea rch  desc r ibed  i n  t h i s  paper p re sen t s  t h e  r e s u l t s  of one phase of r e sea rch  
c a r r i e d  out  by t h e  Jet Propuls ion Laboratory,  C a l i f o r n i a  I n s t i t u t e  of  Technology, 
under c o n t r a c t  wi th  t h e  Nat iona l  Aeronaut ics  and' Space Administration. 
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BLANKET DEVELOPMENT 
Simple c a l c u l a t i o n s  show t h a t  t h e  p r e s e n t  SEP b l a n k e t  (105 W/kg), which re- 
p r e s e n t s  c u r r e n t  s ta te  of t h e  a r t ,  would b e  improved t o  n e a r l y  150 W/kg by r e p l a c -  
i n g  t h e  b a s e l i n e  c e l l s  and c o v e r s  w i t h  u l t r a t h i n  v e r s i o n s .  Thus t h e r e  i s  a s t r o n g  
i n c e n t i v e  t o  deve lop  a c o s t  e f f e c t i v e  and s c a l e a b l e  approach  t o  f a b r i c a t i n g  u l t r a -  
t h i n  s o l a r  c e l l  b l a n k e t s .  The p r o s p e c t  t h a t  u l t r a t h i n  GaAs s o l a r  cel ls  w i l l  be 
a v a i l a b l e  w i t h i n  this  decade i s  a n o t h e r  s t r o n g  argument f o r  pursu ing  t h i s  e f f o r t .  
-- Nanufac tur ing  Methods 
NASA-JPL i s  p r e s e n t l y  s p o n s o r i n g  t h r e e  c o n t r a c t s  aimed a t  d e v i s i n g  a method 
f o r  assembl ing  u l t r a t h i n  components. One e f f o r t  s e e k s  t o  r e t a i n  as  many conven- 
t i o n a l  manufac tur ing  p r o c e s s e s  as p o s s i b l e  and c o n c e n t r a t e  on modifying only  t h o s e  
t h a t  a r e  proven t o  be incompat ib le .  The r a t i o n a l e  f o r  t h i s  ph i losophy i s  t h a t  
hased on c u r r e n t  p r o j e c t i o n s  f o r  a r r a y  demand and t h e  fact  t h a t  u l t r a t h i n  c e l l  
k , lankets  w i l l  n o t  c a p t u r e  t h e  near-term market ,  t h e  expense t o  r e c a p i t a l i z e  f o r  
t h i s  new technology cannot  b e  j u s t i f i e d .  
S u b s t a n t i a l  p r o g r e s s  i n  producing u l t r a t h i n  c e l l  modules h a s  been made u s i n g  
t h i s  approach ,  and a p r o t o t y p e  module h a s  been s u b j e c t e d  t o  o v e r  6000 thermal  
c y c l e s  (+80 t o  -80°C) w i t h o u t  any s i g n i f i c a n t  e lec t r ica l  o r  mechanical  degrada t ion .  
?'he b a s e l i n e  process  u s e s  a kapton  s u b s t r a t e ,  c o n v e n t i o n a l  DC 93-500 a d h e s i v e  f o r  
s u b s t r a t e  and cover  bonding, welded s i l v e r - p l a t e d  i n v a r  i n t e r c o n n e c t s ,  62 pm ce l l s  
and 50 pm g l a s s  c o v e r s  ( r e f .  1). 
A second e f f o r t  s e e k s  t o  reduce t h e  d i f f i c u l t y  i n  h a n d l i n g  t h e s e  pa r t s  by in-  
v e s t i g a t i n g  t h e  u s e  of automated machinery t o  i n t e r c o n n e c t  t h e  c e l l  s t r i n g s .  I n  
t h i s  approach u l t r a s o n i c  welding of  s i l v e r  mesh i s  employed. R e s u l t s  t o  d a t e  
i n d i c a t e  t h a t  weld j o i n t s  w i t h  a c c e p t a b l e  p u l l  s t r e n g t h  (200 gms i n  s h e a r )  and 
less t h a n  one p e r c e n t  e lec t r ica l  d e g r a d a t i o n  can  be achieved  w i t h  t h i s  technique .  
Nethods f o r  bonding c o v e r s  have a l s o  been developed. 
A t h i r d  p a r a l l e l  a c t i v i t y  h a s  developed s p e c i a l  t o o l i n g ,  based  on c o n c e p t s  
proven e f f e c t i v e  f o r  terrestrial  module f a b r i c a t i o n ,  t o  minimize t h e  amount of 
l-landling o p e r a t i o n s  t h e  u l t r a t h i n  cel ls  and c o v e r s  r e c e i v e  d u r i n g  assemby. The 
i n i t i a l  t r i a l  run u s i n g  t h i s  c e l l - i n t e r c o n n e c t - r e g i s t r a t i o n t o o l  ( C I R T )  showed a 
d r a m a t i c  improvement i n  y i e l d  as compared t o  c o n v e n t i o n a l  handl ing  processes .  
F u r t h e r  work i s  now underway t o  make improvements i n  t h e  t o o l  des ign .  Although 
paral leL-gap r e s i s t a n c e  welded i n t e r c o n n e c t s  were used f o r  t h e  proof  tes t ,  a sub- 
s t an t i a l  e f f o r t  w i l l  be  made i n  t h i s  phase t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of  laser 
welding as a j o i n i n g  method. 
U l t r a t h i n  S o l a r  Cells 
The NASA-JPL p i l o t  l i n e  program demonstrated t h a t  u l t r a t h i n  s i l i c o n  s o l a r  
c e l l s  could  be produced i n  q u a n t i t y  ( r e f .  2). Cells from t h i s  program, a l o n g  w i t h  
v e r s i o n s  s u p p l i e d  by two s p a c e  q u a l i f i e d  s o u r c e s ,  t o  a s p e c i f i c a t i o n ,  are be ing  
used f o r  t h e  b l a n k e t  development work. The newer v e r s i o n s  i n c o r p o r a t e  such  technology 
improvements as back s u r f a c e  r e f l e c t o r s ,  m u l t i p l e  a n t i r e f l e c t i o n  c o a t i n g s  and a n  
a l t e r n a t e  back s u r f a c e  f i e l d  technique .  This  r e c e n t  procurement r e s u l t e d  i n  t h e  
d e l i v e r y  of  c e l l s  w i t h  a n  a v e r a g e  28°C AM0 e f f i c i e n c y  of  12.5 p e r c e n t ,  some ce l l s  
exceeding  13 percent .  
J P L  a l s o  procured a n  improved v e r s i o n  of  t h e  u l t r a t h i n  cel l  from t h e  o r i g i n a l  
s u p p l i e r .  The d e v i c e  employs a g r i d d e d  back c o n t a c t  t o  reduce  c e l l  mass, and 
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c e l l s  exceeding 13 percent  AM0 were provided (ref. 3 ) .  This  second gene ra t ion  
u l t r a t h i n  c e l l  i s  an  important  milestone f o r  achiev ing  even h ighe r  l e v e l s  o f  
b lanket  s p e c i f i c  power. It o f f e r s  t h e  p o t e n t i a l  of reducing c e l l  bowing, s i n c e  
t h e  amount of c o n t a c t  metal is t h e  same on both s i d e s ,  reducing c e l l  mass and 
lowering cel l  ope ra t ing  temperature  because most of t he  back s u r f a c e  i s  f r e e  of 
met a 1. 
It i s  expected t h a t  f u r t h e r  modi f ica t ions  w i l l  be made t o  the  u l t r a t h i n  
s o l a r  c e l l  t o  improve ope ra t ing  e f f i c i e n c y  and handl ing p rope r t i e s .  
rece ived  from the b lanket  development program w i l l  be used t o  write a s p e c i f i c a t i o n  
f o r  an optimized u l t r a t h i n  s o l a r  c e l l  compatible wi th  whatever blanket  f a b r i c a t i o n  
process  i s  developed. 
The feedback 
U l t r a t h i n  Covers 
of t he  u l t r a t h i n  ce l l ,  t h e  t h i n n e s t  covers  a v a i l a b l e  were 1.100 urno Prototype u l t r a -  
t h i n  b l anke t s  used 50 t o  7 5  pm microsheet g l a s s  which would not  be accep tab le  f o r  
space use. Curren t ly  t h e  b lanket  development programs are us ing  50 urn t ex tu red  
fused  s i l i c a ,  bu t  t h e s e  covers  do no t  have uv- re jec t ion  f i l t e r s .  Another a l t e r n a -  
t i v e  i s  t o  use  ceria-doped microsheet.  Sample q u a n t i t i e s  of  50 um material have 
been obtained and w i l l  be used i n  t h e  program. 
.- 
Many miss ion  o r b i t s  r e q u i r e  only minimal s h i e l d i n g ,  bu t  a n t i 1  t h e  development 
Perhaps t h e  most e x c i t i n g  candida te  now being eva lua ted  i s  a t r anspa ren t  polyi-  
mide polymer which w a s  o r i g i n a l l y  developed f o r  commercial app l i ca t ions .  Prelimin- 
a r y  t e s t i n g ,  which has  been very encouraging, has  been performed. Details of t h i s  
eva lua t ion  are provided i n  another  pape r  publ ished i n  t h i s  volume ( r e f .  4 ) .  
A space q u a l i f i e d  encapsulan t  i s  necessary i n  o rde r  t o  achieve a blanket  
s p e c i f i c  power approaching 500 W/kg. By us ing  an encapsulan t ,  even th inne r  protec-  
t i v e  l a y e r s  (< 25 urn) could be cons idered ,  and no adhesive would be necessary,  
t hus  saving a d d i t i o n a l  mass. Encapsulat ion would a l s o  provide major b e n e f i t s  f o r  
blanket  f a b r i c a t i o n  with r e s p e c t  t o  l a b o r  c o s t  and y i e ld .  
S u b s t r a t e  -- 
The b a s e l i n e  b lanket  des ign  employs very  t h i n  (25 urn) kapton shee ts .  This  
may no t  be practical  f o r  two reasons.  Thin, f l e x i b l e  s u b s t r a t e s  o f f e r  very l i t t l e  
p r o t e c t i o n  from t h e  e f f e c t s  of t h e  omnidi rec t iona l  space r a d i a t i o n  environment. 
For low earth o r b i t a l  a p p i i c a t i o n s  t h i s  is  of l i t t l e  consequence, but  f o r  h igh  
e a r t h  o r  geosynchronous a p p l i c a t i o n s  , where r a d i a t i o n  l e v e l s  are a t  least 6x10I3 
equiva len t  1 MeV e lec t rons /cm2 annual ly ,  a t h i c k e r  s u b s t r a t e  may be necessary  t o  
p r o t e c t  the  c e l l s  from backside r a d i a t i o n  degradat ion.  Trade-offs t o  determine 
the  optimum s u b s t r a t e  t h i ckness  f o r  end of  l i f e  a r r a y  s p e c i f i c  power w i l l  need t o  
be done. Work i s  planned t o  determine the e f f e c t s  o f  space r a d i a t i o n  on cells 
t h a t  have r e l a t i v e l y  l i t t l e  backside pro tec t ion .  
A second concern which has  t o  t r a n s f e r r i n g  extremely t h i n  s u b s t r a t e s  which 
have c e l l  assembly ( ce l l  p l u s  cove r )  c i r c u i t s  bonded t o  them. 
l a t t v e l y  easy t o  f a b r i c a t e  modules wi th  t h i n  s u b s t r a t e s ,  i t  i s  much more d i f f i c u l t  
t o  j o i n  these  modules i n t o  pane ls  and u l t i m a t e l y  i n t e g r a t e  the  pane ls  i n t o  an a r r ay .  
Thus t h e  p re sen t  des ign  w i l l  probably employ t h i c k e r  (50 pm) composite, laminated 
o r  f i b e r  r e in fo rced  s u b s t r a t e s .  
Although i t  i s  re- 
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< Processes  t o  provide extremely t h i n  (- 25 um) adhes ive  bondl ines  f o r  cover- 
Adhesive 
g l a s s  and c i r c u i t  bonding have not  been reduced t o  p rac t i ce .  P resen t ly  50 m 
bondlines  are a real is t ic  estimate f o r  t h e  b lanket  design. I n  t h e  case of the  
coverg lass ,  t h e  implementation of a n  encapsul tan t  such as the  polyimide polymer 
now being eva lua ted ,  would e l i m i n a t e  adhesive.  For s u b s t r a t e - c i r c u i t  a t tachment ,  
i t  may be necessary t o  cons ider  "spot" bonding, wherein only c e r t a i n  areas of each 
ce l l  are bonded t o  t h e  s u b s t r a t e .  Th i s  may cause the  ce l l  t o  run h o t t e r ,  t hus  
reducing power output.  Therefore  a t  some poin t  i t  may be necessary t o  test t h i s  
concept i n  o rde r  t o  o b t a i n  s u f f i c i e n t  d a t a  t o  a l low a trade-off t o  be made t o  
determine the  b e s t  approach t o  opt imize end-of-l ife a r r a y  s p e c i f i c  power. 
In te rconnec ts  
It i s  assumed t h a t  welding w i l l  be used f o r  in te rconnec t ing .  Curren t ly  
t h r e e  in te rconnec t  materials are being employed; s i l v e r ,  s i l v e r  p l a t ed  molybdenum 
and s i lver  p l a t ed  invar .  The p resen t  p r a c t i c a l  lower l i m i t  of  t h i ckness  f o r  the 
base material i s  approximately 25 vm and i n  t h e  l a t te r  two cases the  amount of 
s i l v e r  necessary t o  a s s u r e  proper in te rconnec t  conduc t iv i ty  and weld s u i t a b i l i t y  
i s  i n  t h e  order  of 20 urn. 
I d e a l l y  i t  would be b e t t e r  t o  e i t h e r  reduce the  th i ckness  of t h e  in te rconnec t  
base material o r  cons ider  a low mass, h ighly  conducting material such as aluminum. 
The prospect  f o r  secur ing  th inne r  i n t e rconnec t s  i s  no t  good unless  funding is  
provided t o  develop t h e  necessary e t ch ing  and r o l l i n g  technology. Based on the  
c u r r e n t  s i t u a t i o n ,  i t  i s  more l i k e l y  t h a t  a t tempt ing  t o  develop lower wass i n t e r -  
connect materials i s  t h e  b e t t e r  approach. 
However t h e  mass advantages may be compromised by the  s u b s t a n t i a l  mismatch 
i n  thermal c o e f f i c i e n t  of expansion between the  s o l a r  c e l l  ( s i l i c o n  o r  G a A s )  and 
a n  in te rconnec t  such as aluminum. Work w i l l  be undertaken i n  t h e  f u t u r e  t o  inves- 
t i g a t e  the  p o s s i b i l i t y  of us ing  aluminum as an in t e rconnec t  material, once t h e  
main problems a s s o c i a t e d  w i t h  f a b r i c a t i n g  a space q u a l i f i e d  u l t r a t h i n  s o l a r  c e l l  
b lanket  are resolved.  
Harness 
I n  many ana lyses  of b lanket  s p e c i f i c  power, t h e  mass of the  harness  o r  bus i s  
not  taken i n t o  cons idera t ion .  R e a l i s t i c a l l y  t h e  bus must be taken i n t o  account. 
The present  ha rness  material i s  copper and because of t h e  low opera t ing  vol tage  of 
t h e  a r r a y  (30-40 v o l t s ) ,  t h e  harness  mass i s  roughly 0.20 kg/m2 f o r  t h e  cu r ren t  
b a s e l i n e  design. A s  t he  mass of t h e  o t h e r  b lanket  components i s  reduced, t h e  
i m p a c t  of t h e  harness  w i l l  act t o  c o n s t r a i n  b lanket  performance. By inc reas ing  
t h e  opera t ing  vo l t age  of t h e  a r r a y  t o  perhaps 120 v o l t s  and s u b s t i t u t i n g  aluminum 
f o r  copper,  t h e  mass of t h e  harness  could be reduced t o  approximately -025 kg/m2. 
STRUCTURE DEVELOPMENT 
NASA-JPL sponsored a n  e f f o r t  t o  develop a r r a y  s t r u c t u r e  des ign  concepts  t h a t  
would have low mass and be dynamically compatible with very  low mass blankets  
(0.25 t o  0.65 kg/m2). Three concepts  were evaluated;  t h e  Astromast used f o r  t h e  
SEP a r r a y ,  a modified ve r s ion  of t h e  e x t e n d i b l e  support  s t r u c t u r e  used on t h e  
Seasat  s p a c e c r a f t ,  and the  s t ack ing  t r i a n g u l a r  a r t i c u l a t e d  compact beam (STACBEAM), 
which w a s  f i n a l l y  chosen f o r  f u r t h e r  development. 
The STACBEAM des ign  has  many a t t rac t ive  f e a t u r e s  inc luding  low mass, sequen- 
t i a l  deployment, h igh  s t i f f n e s s  and t h e  c a p a c i t y  f o r  growth ( r e f .  5). Prel iminary 
des ign  work has  begun and a working model of t he  beam, c o n s i s t i n g  of 8 bays o r  
segments, has been b u i l t  us ing  graphite-epoxy. 
mechanism has been cons t ruc t ed ,  and i n  t h e  next  phase a more a c c u r a t e  o r  "high 
f i d e l i t y "  ve r s ion  w i l l  be cons t ruc ted .  
t h a t  t h e  STACREAM w i l l  provide t h e  low mass a r r a y  s t r u c t u r e  t h a t  i s  necessary t o  
achieve s o l a r  a r r a y s  with s p e c i f i c  power i n  excess of 150 W/kg. 
A breadboard model of t h e  deployment 
Based on the  progress  t o  d a t e ,  i t  appears  
DISCUSS ION 
Table 1 r e p r e s e n t s  t h e  b e s t  estimate of the c u r r e n t  s t a t u s  of  h igh  performance 
s o l a r  c e l l  b l anke t s  and a r r ays .  It i s  based on t h e  p re sen t  progress  of t h e  va r ious  
NASA-JPL programs suppor t ing  t h i s  e f f o r t .  I n  order  t o  present  t h e  most real is t ic  
assessment ,  cont ingency f a c t o r s  have been app l i ed  t o  t h e  c e l l  performance a t  array 
ope ra t ing  temperature.  This  approach has  borrowed h e a v i l y  from t h e  SEP a r r a y  de- 
velopment program. For example, t h e  c e l l  output  has  been de ra t ed  t o  account f o r  
f a b r i c a t i o n  l o s s e s ,  c e l l  mismatch, d iode  l o s s e s ,  a r r a y  packing f a c t o r  and tempera- 
t u r e .  Although s u b s t a n t i a l  p rogress  has  been made i n  t h e  development of t h e  
STACBEAM a r r a y  s t r u c t u r e ,  enough work remains so t h a t  i t  i s  not  r e a l i s t i c  t o  state 
t h a t  i t  is  ready a t  p re sen t  f o r  space f l i g h t  operat ion.  Whether t he  p re sen t  SEP 
a r r a y  s t r u c t u r e  would prove compatible with c u r r e n t  b lanket  mass p e r  u n i t  area i s  
s t i l l  not  s e t t l e d ,  but  i n  an  o p t i m i s t i c  a n a l y s i s ,  it i s  assumed s u i t a b l e .  
Table 2 r e f l e c t s  t h e  p o t e n t i a l  of t h e  NASA-JPL programs now being pursued. 
A s  s t a t e d  previous ly ,  a number of i s s u e s  such as t h e  thermal  pena l ty  a s s o c i a t e d  
wi th  adhesive "spot"  bonding and t h e  p r a c t i c a l i t y  of aluminum in t e rconnec t s  remain 
t o  be resolved.  Of even g r e a t e r  importance i s  t h e  ques t ion  of s i l i c o n  s o l a r  c e l l  
e f f i c i e n c y  a t  a r r a y  ope ra t ing  temperature  and the  use  of  a n  encapsula t ion  approach 
t o  replace convent iona l  coverglass .  
i n  determining t h e  u l t ima te  s p e c i f i c  power of s i l i c o n  s o l a r  c e l l  b lankets .  A 
h igher  degree of confidence is  a t t a c h e d  t o  t h e  e f f o r t s  underway t o  develop a new, 
low mass a r r a y  s t r u c t u r e .  
It i s  expected t h a t  t h e s e  w i l l  be major f a c t o r s  
The u t i l i t y  of employing GaAs s o l a r  ce l l s  has  not  been addressed because suf- 
f i c i e n t  in format ion  on t h e  technology i s  s t i l l  unavai lable .  However comments must 
addres s  c e r t a i n  a s p e c t s  of t h i n  GaAs cells .  Recently there have been published 
7 and 8). Much work remains be fo re  any of t h i s  technology can be r e a l i s t i c a l l y  
considered f o r  space  app l i ca t ions .  I f  i t  were o p t i m i s t i c a l l y  assumed t h a t  10 p m  
GaAs s o l a r  cel ls  wi th  a n  AM0 conversion e f f i c i e n c y ,  a t  ope ra t ing  temperature ,  ap- 
proaching 18 pe rcen t  could be achieved i n  a manner lending  i t s e l f  t o  a c o s t  e f f ec -  
t i v e  and p r a c t i c a l  approach t o  inco rpora t ion  i n t o  space s o l a r  a r r a y s ,  then space  
s o l a r  a r r a y s  wi th  s p e c i f i c  power a t  beginning-of- l i fe  exceeding 300 W/kg could be 
forecas ted .  
r e p o r t s  concerning t h e  p o t e n t i a l  of u l t r a t h i n  (- < 50 pm) G a A s  dev ices  ( r e f .  6 ,  
CONCLUSIONS 
Encouraging progress  towards achiev ing  s o l a r  c e l l  a r r a y s  capable  of 300 W/kg 
(BOL) s p e c i f i c  power has been made. 
s i l i c o n  s o l a r  cells ,  welding and f l e x i b l e  s u b s t r a t e s  i n d i c a t e  t h a t  a s o l a r  a r r a y  
could  be b u i l t ,  u s ing  c u r r e n t  technology, t h a t  would be s i x t y  percent  b e t t e r  than  
the present  s ta te-of- the-ar t .  S i g n i f i c a n t  improvern_ents w i l l  occur  i n  t h e  near  
f u t u r e ,  provided t h e  c u r r e n t  programs cont inue.  It i s  n o t  u n r e a l i s t i c  t o  cons ider  
a t t a i n i n g  300 W/kg (BOL) s i l i c o n  s o l a r  a r r a y  technology based on c u r r e n t  progress .  
Present  technology involv ing  advanced u l t r a t h i n  
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TABLE 1. 
Present  Blanket and Array S t a t u s  
I I 
NOTES I 
handl ing,  r a d i a t i o n  1 
bondline l i m i t a t i o n s  I 
I 
I 
11% a t  op.temp. I 
I 
I 
g r idded back, welding I 
bondline l i m i t a t i o n s  
t h i n n e s t  a v a i l a b l e  
t h i n n e s t  a v a i l a b l e  
needed €or  Mo, Invar  
based on SET 
based on SEP 
80% packing f a c t o r  
SEP 
Blanket Spec i f i c  Power 231 W/kg (based on 112 W/m2) 
Array Spec i f i c  Power 105 W/kg 
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TABLE 2. 
Ant ic ipa ted  Blanket and Array Performance 
---__ 7-I I I 
1 I I I 
-- 
I COMPONENT I DE SCRI PTION I kg/m2 I NOTES I 
I- I I +--- --I 
1 S u b s t r a t e  I ~o rnpos i t e /50  prn I .070 1 handl ing ,  r a d i a t i o n  { 
I I I I I 
I Adhesive ( s u b s t r a t e )  I DC-93-500/50 pm I .006 1 s p o t  bonding I 
I I I 1 I 
I So l a r  C e l l  I ~ i l i c o n / 5 0  urn 1 .095 1 14% a t  opetemp. I 
I I I I I 
I C e l l  Contacts  I ~ i l v e r / 4  prn i ,005 i gr idded back, welding i 
I I 1 I I 
I Adhesive (cover)  I 1 -0- I none requi red  
I I I I 
I Cover 1 Encapsulant/25 Urn I .034 1 s h i e l d i n g  
I I I I I In te rconnec t  I Alumi.num/30 urn I .007 I c onduc t iv i ty  
1 I I 
I P l a t i n g  (IC) I ~ i l v e r / 2 0  pm I .OO2 I s p o t  p l a t i n g  
I I I I 
I Padding, e tce  I -  
I I 
I Harness I Aluminum 
I ,011 I based on SEP 
I .025 I advanced SEP concept 
I I I 
-I- 
I I I I 
I 
I TOTAL BLANKET I 
I I I I 
I Y’ I 
I I I I 
I 
- --- 
I I I I 
I -255 I 80% packing f a c t o r  
I Array S t r u c t u r e  1 I .321 [ STACBEAM I 
I TOTAL ARRAY I 1 -576 I 
Blanket S p e c i f i c  Power 557 W/kg (based on 142 W/rn2)  
Array S p e c i f i c  Power 247 W/kg 
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ARRAY SPEC 
FIGURE 1 
FIC POWER vs STR JCTURE MASS 
STAC BEAM 
Wlkg, 170 
Wlkg, 135 
Wlkg, 100 
BLANKET 
Wlkg, 100 
STRUCTURE MASS I kgl mL 1 
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